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ABSTRACT

We report medium resolution (0.025 nim Wi M) electron-impacl induced emission spectra of CO for 20,
100 and 200 ¢V impact energics. The mission spectra correspond to the extreme ultraviolet (1UV)
transitions from the B'z* (0), C'2* (0) and 1:!1 1(O) vibronic states to the X '£+(0) ground state. ‘The
presentmeasurements arc carried out at 20 times highér spectral resolution (t0 seperate the many blended
components) compared to OUr previous measurcinents which were at a Spectral resolution of 0.5 nin
1'WHM. The emission Cross scctions corresponding to the B12*(0)“ X ‘X'(0), C1x*(0) ‘X '2*(0) and
1111 1(0) —»X 1+ (0) transitions were measured. in addition, excitation functions (O-1 keV) extending well
into the Born region have been measured for the strong transitions (B * X+(0) “X 12+(0), C1x* (0)°X
‘Y (0)) and oscillator strengths have been determined using amodified Born approximation analytic fit to

the measured excitation function.




INTRODUCTION

Carbon monoxide is the most abundant interstellar molecule after 112 and its isotopic variants [ 1]
and is an important constituent in the atmosphere of Venus[2]. Theoretical descriptions of the abundance,
excitation and destruction mechanisms of CO arc limited due to the lack of quantitative spectroscopic data
for (X) in the vacuum ultraviolet (VUV} region [3]. A better understanding of the destruction of CO is
necessary for studies of airglow emission from planctary atmospheres, as well as for studies of comets and
for models of the chemistry of the interstellar medium [2]. Photochemical models of interstellar clouds
have been described in detail by numerous investigators [4-8]. The main destruction mechanism for CO in
the interstellar regions is considered to be photodissociation, The relative abundance of CO (relative to
112) in the interstellar region has not been well undet stood theoretical 1 y. The rate at which the CO
molccule IS photodissociated by UV starlight is one of the major theoretical uncertainties {1]. This rate
gover s the C/CO ratio, the abundance of CO and its growth with depth in diffuse interstellar clouds and
the outer parts of thick molecular clouds [1]. Reviews of photodissociation processes of astrophysical
molecules which emphasize the need for improved data for CO were compiled by van Dishocck [9, 10].
Most recently Morton and Noreau [11] have compiled wavenumbers, wavelengths and oscillator sirengths
for about 1500 electronic transitions in the CO molecule and compared the compiled data with existing
LV observations.

Photodissociation of CO occurs in { he. wavelength range 91.2< A <111.8 nin{1]. Numerous
experimental studies of the electronic states of CO lying above the dissociation limit have been performed
inrecent years [3, 12-2A]. Photodissociation of amolecule can take place cither directly by continuous
absorption into the repulsive part of an excited electronic state, or indirectly by discrete line absorption
into predissociating states [9]. 1 aboratory experiments have revealed no significant continuous absorption
into the repulsive part of an excited clectronic stale al wavelengths greater than 91.2nm (3, 14, 15, 17].
Quantum mechanical calculations of the clectronic structure of CO by Cooper and Kirby [25]supported
this conclusion. It was, therefore, concluded that the dissociation of CO must lake place predominantly

through predissociation of bound states and not dircctly through continuum stales [ 1]. In order o fully




understand the abundance, excitation and dissociation mechanisms of COin the interstellar medium, high
resolution spectroscopic studies of C() in the energy range 10.7 -13.6 CV arc required.

In this paper, wc report, as a continuation of our previous work [20], the electron-impact induced
emission spectra of CO corresponding 10 the 1:UV transitions from the BIx*, C1xtand B! 1 states to
the X ' £* ground state for 20, 100 and 200 CV clectron impact energics. in order to separate the many
blended spectral bands, the present mcasurements were carried out at 2.0 times higher spectral resolution
(I*WHIM=0.025 mu) than our previous mcasurements. Einission Cross sections corresponding to the B
13:4(0) X 1x4(0) C 134 (07X 124 (0) and 1 111(0) >X 'x* (0) transitions were measured. In addition,
cxcitation functions (O-1 kcV) extending wc]] into the Bor u region have been measured for the resonance
transitions (B 1X*(0)>X ‘X'(0), C!x*(0) “ X 'x* (0)) alowing the oscillator strengths to be determined
using @ modified Born approximation analytic fit to the shape of the measured excitation function [26,

27).

EXPERIMENTAL APPARATUS

The experimental apparatus, calibration procedure aud Cross section measurement technigque
have been described in our recent publications [28, 29]. In brief, the medium resolution 1 .O-meter
spectrometer system Was used in the present mmeasureinents, It consists of an electron -impac.t collision
chamber in tandem with a UV spectrometer. The spectrometer has aresolution capability of 0.025nm on
repeated aud single spectral scans. The resolution capability was verified by scanning the Ar 104.8 nm
resonance line. With equal entrance and exit slits the instrument response function was triangular. UV
emission spectra of CO were measured by crossing ammagnetically collimated beam of electrons with a
beam of CO gas formed by a capillary array. 1 ‘mitted photons, corresponding to radiative decay of
collisional ly excited states of CO were detected by the UV spectrometer equipped with a chaneltron
detector. The resulting emission spectra, measured at 20,100 aud 200 CV incident clectron beam cncergics
were calibrated for relative sensitivity as a function of wavelengthaccording to the procedures described
by Ajelloct al. [30]. in order 10 determine the absolute value of the emission Cross scction corresponding

to each measured feature, one addi tional procedure (nornal ization) must be applied. The absolute cross




section of the spectral feature at 83.38 nm, at 200 ¢V electron impact energy, was chosen to normalize the
relative intensitics of the B1x* (0), C "2°(0) and E'1 [(O) vibronic states of CO. The O11(83.38 nm)
fluorescence signal produced by dissociative ionization of CO at 200 CV impact energy was compared
with the fluorescence signal from the CO € ’'22(0)- »X *X*(0) emission band at 108.79 nm at 200 CV
impact energy under the identical gun conditions. A background gas pressure about 1 X 10-5 Torr was
used to avoid self absorption effect on the C!x* (0,0) band as discussed below. A well-cs(ablisbed absolute
emission cross section value of 1.8 + 0.39 x 1019 cin? for O11(83.38 nm)[20), at 200 ¢V, was used to
normalize the signal strength of the CO C1x*(0,0) hand, at 200 ¢V, to an absolute emission cross scction
value of 58.9 4 14.7 x 10 cm?.

The background gas pressure for the present determination of CO emission Cross sections was
carefully chosen o ensure optically thiu conditions and to avoid self-absorption effects, particularly for the
C 12+ (0,0) band at 108.79 nm. The operating pressure must result in an optical depth at line center of
less than 0.1 for the optical path involved. Below this pressure the measured cross section Will be
independent of pressure. The following approach has been used to determine the maximum background
gas pressure that can be used and still maintain optical | y thin conditions. The relative intensities of the C
13+ (0,0) band at 108.79 nm and the 011 ¢°S’- ‘1’ multiplet at 83.38 nm have been measured as a
function of pressure over the range 8 x 108 to 8 x 10-4 Torr. The O11 lineis not expected to exhibit any
optical depth effects in this pressure range and acts as a normalization feature. The intensity ratio of these
features is shown in Fig.1 and is approximately constant Up (0 @ background gas pressure of 2 X 10° Torr
when it begins to decrease, indicating the effect of self-absorption at 108.79 nm.

No corrections for polarization of the radiation were made. Polarization Of the radiation was
considered 10 be small where many rotational states contribute to @ vibrational band for an excited

molccule.

EXPERIMENTAL RESULTS ANI) ) ISCUSSION
Medium-rcsolotion, clectron impact emission spectra of CO inthe EUYV region, at 20, 100 and

200 cV, arc shown in Figs. 2, 3 and 4 respectively. These Spectra were obtained under optically thin



conditions, at a spectral resolution of 0.025nm (I'W11M), and calibrated for wavclength. The background
gas pressure was 1x 10-5 Torr. The spectral features arc identified in the figures. The spectral region
from 107.4 10 109.2 nm includes the dircct KUV transitions from the E'1'[(O) and C X*(0) excited
vibronic states of (X). At the present resolution, the observed 1:11(0) and C 2+ (0) features correspond
exclusively to molecular transitionsin CO. The spectral region from 114,8 to 115.4 nm contains the UV
transition from the B12*(0) excited State of CO, which is blended with an atomic component (0111)-11)0
at 115.2 nm) at 100 and 200 ¢V clectron impact encrgics. (Figs. 3 and 4). At 20 ¢V, an energy below the
threshold for dissociative excitation of atomic multiplets, the B 1x* feature corresponds purely to
molecwlar transitions in CO. ‘1'able 1 lists the candidate identifications of each feature observed at this
spectra resolution together with the measured absolute emission cross sections at 20, 100 and 200 CV
electron impact cnergics. The root sum sgquare uncertainty in the absolute Cross sections given in this work
was estimated to be 2S % based on the uncertaintics inthe O11(83.3 nm) cross section, relative calibration
and signal statistics [28).

The strongest feature observed in the 100 and 2(K) CV emission spectra of CO corresponds to the
(‘ 'x*— X 12* (0,0) resonance band. This feature contains approximately 98% of the observed 1:UV
mission between the C 13+ state and the X 12+ stale [20]. ‘This iS supported by consideration of
unperinrbed RKR Fran ck-Condon factors catculated for the C->X system. | _etzelter et al. reported the
branching ratio 0SS t0 be 7% viathe C->A mission channel [ 17]. Excitation functions measured in the
ranges 0-250 CV and O-1.0 keV arc shown in Fig. 5 and Fig. 6 respectively. The excitation function
shapes arc typical of a dipole allowed transition. The excitation function for CO C 24 -3 X 12+ (0,0)
resonance band al 108.79 ndn, from O m 25(J CV (¥¥ig. 5), wasused 10 determine the 2(KJ o 20 CV and
200 to 100 CV emission cross scction ratios. These ratios were needed to obtain the absolute emission
cross scctions for the CO C12* (0) -> X134 (()) band at 20 and 100 CV clectron impact energies at 0.025
wm (F'W1IM) spectral resolution.

The strongest feature observedin our 20 CV spectrum iSthe B1EY -> X 134 (0,0) band, Basced on
our previous paper [20], the B1x*sy X '3 (0,0) band represents 96% of the observed UV emission

from the B slate of (X). The B stale decays only by Iwo radiative channels: through B-»>X transitions in




the UV and through B->A transitions in the visible spectral region. 1 ctzclter ¢t @. reported the

fluorcscence yield of the B-»>A transition (i.e. branching ratio loss) as 40% [17]. As shown in Fig. 7,

B 13+ - X 13+ (0,0) band exhibits @ striking anomaly in (he energy dependence of itS emission cross
section. in our earlier publication [20], wc argued that this may be attributed cither to an ¢lectron exhange
process or to a near threshold resonance of the 01 multiplet which blended with the B':* (0,0) feature.
The higher spectral resolution (0.0'2S nm)-cxcitation function measurement of the B!'2* (0) vibronic
state indicated that spin exchange plays alarge part in the excitation of the v'=0 level of the B!Z* state
(since the Ol'multiplet was resolved and excluded from this measurcment). This is also supported by
differential Cross section measurcmnents for the electron-impact excitation of the D 'x* date at 20 CV [23].
“1"heir measurements showed no strong forward peaking but fairly isotropic angular distribution. It should
be pointed out that even though the B state iS designated as a singlet stale, the very sharp peak in the
excitation function of the B2+ (0) state (Fig. 7), at low €lectron impact encrgics, should arise from spin
exchange from a significant triplet admixture. The singlet character of this state dominates at higher

energices in the excitation function.

The ] i11 1-> X 13+ system was observed in our spectra by the apparance of the (0,0) resonance
band. No excitation function mcasurement for the I: 'l 1 (0) -» X 12+ (0) transition was made since the
ctission from this band is found to be very weak. No other transitions of the 1 i-»X system were observed.
RKR Franck-Condon factor calculations, on the other hand, indicate that about 95% of the KUV emission

from this state to the ground state occurs via the (0,0) transition [20].

Oscillator Strengths
Previous experimental and theoretical determinations of oscillator strengths f,« from v'=0 of the
X 134 ground state of CO to different V' levels of the B1x* and C 12+ states have been summarized by
Kirby and Cooper [2]. ‘This summary has been updated to include the work of Chanct at. [22] and is
shown, togcther With present resuttsin ‘1 able 11.
We obtain the oscillator strengths for the C12* (vi= O) -> X 134 (v*= O) and D 12 (v'= O) -> X

13+ (v"= Q) transitions by analyzing the energy dependence of the measured excitation functions (from O




m | keV) corresponding to those transitions. The excitation functions for the C1x* (v'= O) -> X 124 (v'=
() and B3 (v = 0) — X 12 (v" = O) transitions (figures 6 and 7 respectively) arc put cm an absolute
scale by normalizing them to the presently measured 200 CV emission cross sections for the C!Z* (v'=0)
» X 124 (v'=0) and B!2* (V' =0)- » X 12:* (v"=0) transitions, respectively. The emission cross sections
for theB -X (0,0) and C-X (0,0) vibronic states, given in Table 1, were corrected for the branching ratio
losses to alower excited date (A 1T1) based on the 1 etzelter et d. [17] data. The correction is 40% for the
B-X(0,0) state and 7% for the C-X (0,0) state. Cascade contributions from the 1; 1 state to the D-X (0,0)
and C-X (0,0) is negligible [20].

Collision strength data (cross section X electron impact energy ) for the resonance bands of CO

(Cx*and B1x*) were fitted using the following anatytical form for collision strength:

Qyon (Xy ) = C,.(1-1/Kyr) (Xyry w?)

4
4 Cro (Xynn-1). exp(-k.CeXyy) + Cs 4 Co/ Xypnt Gy ln(Xpyr) (1)
k=1

where Q,n,# (X4, ) IS the callision strength, Xy, #  isthe electron impact energy in threshold units, and
C, arc constants of the function €, (X,,+,) [26, 27]. 'The constant C,, represents the contribution of
clectron exchange, C-Cy represent configuration mixing, Cg-Cy, represent polarization effects, Cq is the
Rorn term and Cy is aconstant in the mixing terms. ‘Table 111 gives the constants of eqn. 1 for the COB

Iy (vi=0)-» X 1x+ (v"=0) and C 3¢ (v= 0)- > X 1x* (v"=0) transition s.The cxcitation cross section is

given by the equation
0\”" "(X\Y'v ”) = QV 'v“ (X\v'v "} . (I':v’v” . X\"V “)’” ’ (2)

where a4~ (X,,») IS the Cross section in atomic units, and iS the transition energy in Rydberg
units. Atthe high energy limit the collision strength has the following form:
Qyry (Xyp) = Cs + o In(X e ), X o> 1 3)

in the Bethe Approximation [27,31 ], the collision strength is given by
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8ma,’ o )
Slv'v" {Xv'v") :(Dv” T’;EOT‘ ” fv (In XV'V" -1 4Cv'v"1£v'l " ) (4)
{ R (’v'v"

where o, IS the lower state degencracy, Cy, v« IS a constant, related (o the angular distribution of the
scatlered electrons, fy,y,» is the oscillator strength, a,, isthe Bohr radius, m is clectron mass, and # is the
Planck's constant. Comparison of equations (3) and (4) gives us C7, onc of the constants in the fitting

function, which can be related to the optical oscillator strength at the high energy limit. That is,

: ( §mao2
(" /g

As seen in kqn. (5), we can determine the optical oscillator strength. For the CO C12*(0)-> X 127 (0)

C, ®)

and B'X* (0)- » X 12*(0) transitions the optical oscillator strengths were found to be 15.4 4 4.1 x 10*and
1,154 0.3 x 10°respectively. The experimental excitation function and the fitting function for the CO C
134 (0)-> X '2*(0) and B2+ (0)- » X 12 (0) transitions arc shown in Fig. 8 and Fig. 9, respectively.

‘The errors asscoiated with the oscillator strengths arc estimated as follows: (a) 25% error from
our the cross-section measurcments and (b) 5% error from the fitting procedure. In addition, it should be
pointed out that the presence of the low energy secondary electrons in the electron beam could alter the
shape of an excitation function in the high energy region and hence potentially give an increase to the
measured value of C5 and hence the optical oscillator strength. Our measurements [32] showed that this
effect could give us an additional error up to10% inthe oscillator strength, Thus the overall error (square
root of the sum of the squares of the contributing errors) in the oscillator strengths is estimated to be
about 27%.

‘1’here arc many reported cxperimental measurements of the oscillator strength of the B 13+ and
(13t states. large variations have been found among these values. Yor the B1x* (0) -> X 12+ (0)
transition, comparison of the oscillator’ strengths gives afair agrecment between the present finding and
the results of Aarts and deleer [17], 1 .assettre and Skeibele [13] and Chan et al. [22]. The present result
is about 30% lower than that of Aarts and delleer [ 17] and 33% lower than that of 1.assettre and Skerbele

[13 . The present measurement IS, however, about 30% larger than the most recent result of Chan et al.




[2?). The discrepancy between the present measurement and the results of other investigators [2, 15, 17] is

found to be quite large. The other results arc 2.5 to 5.5 times smaller than the present result.

For the C'£*(0) —» X 'X+(0) transition, comparison of the oscillator strengths gives an
cxeellent agreement between the present result and those of Aarts and dc Heer [12] (4 % higher than
ours) and 1 assettre and Skerbele {13] (about 6% higher than ours). The theoretical result of Kirby and
Cooper [12] is about 23% lower than ours. The value of 1.ec and Guest [ 15] is smaller than ours by an
order of magnitude. Our value is about 2.5 times larger than the measurement of | x.welter ¢l al. [17].
1lowever, our study shows that the C 12+ band is subject o pressure saturation effect. Since pressure
effects increase with increasing oscillator strength, the effect of self-absorption of radiation in the C state
will be much larger than for the Bstate. Therefore, the values of the oscillator strengths reported by | ec
and Guest [15] and | etzelter c( a. [ 17] for the C 12+ - > X 'x* transition may well be affected by
pressure saturation effects. The most recent result of Chanet al. [22] isin fairly good agreement with the
presentresult (the disagreement 1S about 23%).

SUMMARY ANI) CONCLUSION

We have measured the clectron impact induced cemission spectra of CO corresponding o the
LUV transitions of the B1x+, C 12 and 1M1 states to the X 127 ground state for 20, 100 and 200 CV
clectron impact energics. The presentmeasurements were, carried out at aspectral resolution of 0.025 nin
("'WJIM). Excitation function measurements from 0 10 1.0 keV fOr two resonance transitions (C 14 (0)->
X 13+ (0) and D "3+ (O)- » X 13* (0)) were performed. The corresponding oscillator strengths were
determined using @ modified Born approximation analytic fit to the shape Of the measured excitation
function [26, 27]. For the B2+ (0)--> X 12+ (0) transit ion, comparison Of the oscillator strengths gives a
fair agreement between the present finding and the results of Aarts and delleer [ 12], I assettre and
Skerbele [ 13} and Chanet a. [22]. The disagreement between the present and other results 1S, however,
quite large, as seenin ‘1'able It For the C'2* - » X 13 process, comparison of the oscillator strengths
gives an cxcellent agreement with the experimental values of Aarts and dc 1 Ieer [12], 1assctre and

Skerbele [13]. The experimental value of Chanct al. [?7] and the theoretical value of Kirby and Cooper




[2] arc in fairly good agrecment with our result. T.arge discrepancies exist between the other reported sets
and the present result.

Serious discrepancies exist among the limited mcasurements of €ross sections and oscillator
strengths reported for CO. There is a definite need for further measurements 10 improve on the present
situation. YFurther investigations of this type, at room temperature and at |ow temperature regime, arc
nceded. The importance of low temperature measurcments to learn more details about the molecular
clouds was pointed out by Dishocck and Black [10].

The scope of this paper is limited to the mecasurement of the emission cross sections and
oscillator strengths of the direct 1$UV transitions m the ground slate. 1 lowever, the importance of accurate
determination of the predissociation rates for the excited states of CO was strongly emphasized by several
investigators [1, 3, 19]. The predissociationrates for the low rotational levels of both the 11 (0)--> X
1340 and 111 1(2)--» X ‘X*(0) bands arc, especialy, very important to understand the isotope-sclcctive
photodissociation of CO [1]. The emission cross sections can be used to estimate the predissociation yields
by comparison with the corresponding electron impact excitation Cross sections obtained from electron
energy-loss measurements provided any cascading components to and from (i.e. branching 10ss) the states
in question arc taken into account. This type of approach, however, isnot very meaningful way to
determine sSmall predissociation yield (typicaly 20% or smaller) of a state if the predissociation yield (%)
lics within the combined percent error limit ((typically about 25%) for the emission and the excitation
Cross sections. Instead, a high resolution study of the properties of CO rotational structure at a variety of
temperatures (20-300 K), employing the Perturbed Thermal Mode.1 [33] fit to the data, is a more
meaningful and sensitive probe for weak predissociation. This approach has been used for the
determination of predissociation yields of the C4' 13 (0)- » X 12+ (0) state of N2 [32]. 1 .aboratory
measurements Of high spectral resolution (up to 0.0015 nmy), optically thin UV emission spectra of CO, at

avariety of wemperatures (20-300 K), arc in progress to determine Jevel dependent predissociation rate.s.
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TABLE 11

Summary of Previous Determinations of Oscillator Strengths f, (x 10-2) for the transitions
between the different v’ levels of the CO B1xtand Cle+ states axial the ground state X 13+(v"=0)

Blz+ y=0 v=1 v =2

Aarts and de Heera 15

Lassettre and Skerbele’ 1.53+ 0.14

Lee and Guest’ 0.24+ 0.04

Letzelter et al.d 0.45 0.07 3.7x 103
Kirby and Cooper® 0.21 0.03 6x 104

Chan et al.f 0.803 0.132

Present 1.1540.3

c Iy+ V=0 y=1 V=2 y'=3
Aarts and de Heera 16.0

Lassettre and SkerbeleP 16.3+15

Lee and Guest’ 1.27+0.19

Letzelter et al.d 6.19 0.28 <1x 103 4.4x103
Kirby and Cooper® 11.81 0.18 4x 1074 1x10°6
Chan et al.f 11.77 0.356

Present 15.444.1

a Ref. 12.

"Ref. 13.

‘Ref. 15.

‘Ref. 17.

‘Theory; Ref. 2.

fRef, 22.



TABLE 111

CONSTANTS OF MODIFIED BORN EQUATION®™

CONSTANT
co

(*) Modified Born Equation :

4
Qjj (X) = Co . (1-1/X) (X 2)+ Y Cy . (X-I). exp(-k.CgX)+ Cs5+C6/ X + Cy.In(X)

k=1

B+
0.17786

-0.08866
0.18946
-0.30905
0.0
0.23518
-0.23518
0.058363
0.15849

Ccliy+
0.0

0.36130
-0,46074
2.62540
0.0
-1.1700
1.17(X)
0.73811
0.60256




FIGURE CAPTIONS

Figure 1. Theintensity ratio of the ("() C'2* (0,0) band at108.79 nm and the CO Ol g 440.4p
multiplet at 83.38 nm as a function of CO background gas pressure. The ratio 1S approximately constant
up to about 2.0x 10°-Torr and starts decreasing, indicating the effect of self absorption of the CO C1x?
(0,0) band at 108.79 nm. The Ol g *So-41 at 83.38 nm multipiet signal which exhibits no optical depth
effects acts as anormalization feature.

Figure 2. Calibrated, nlcdium-resolution (0.025 nm 1I'WHM) clectron impact spectrum of CO at 20 eV.
The spectrum was obtained in the crossed-beam mode at 1.0 X 10-5 -Torr background gas pressure. I and
R branches are separated for the C - X (0,0) and B - X (0,0) transitions. Emission Cross sections for the
identificd featuresarc listed in ‘1'able 1.

Figure 3. Calibrated, me(fium-resolution (0.025 nm FW1HM) dectron impact spectrum of CO at 100 eV.
The spectrum was obtained in the crossed-beam mode at 1.0 x 10”*-Torr background gas pressure. P and
R branches arc separated for the C - X (0,0) and B - X (0,0) transitions. Emission cross sections for the
identified features are listed in Table J.

Figure 4. Calibrated, medium-resolution (0.025 nm FFW1IM) electron impact spectrum of CO at 200 cV.
The spectrum was obtained in the crossed-beam mode at 1.0 x 10-5 -Torr background gas pressure. P and
R branches arc separated for the C - X (0,0) and B - X (0,0) transitions. Fmission cross sections for the
identified features are listed in I'able I.

Figure S. Relative emission cross section (excitation function) of the CO C!%* (0,0) band at 108.79 nm
from O 10250 CV electron impact energy. Appearance Potential (Al’) shown in the figure isat 11.397 ¢V.

Figure 6. Relative emission Cross section (excitation function) of the CO C'2* (0,0) band at 108.79 nm
from () 101000 ¢V clectron impact energy.

Figure 7. Relative emission cross section (excitation function) of the COB!Z* (0,0) band at 115.05 nm
from O to 1000 eV clectron impact energy.

Figure 8. Collision strength of the CO C !'2* (0,0) band at 108.79 nm model and data plotted against
energy (10- 1000 ¢V). The oscillator strength (f-value) for this feature iSdetermined as 0.154.

Figure9. Collision strength of the CO B 12+ (0.0) band at 115.05 nm model and data plotted against
energy (10-1000 cV). The oscillator strength (f-value) for this feature is determined as 1. 15x 102,
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